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• Recovery of energy during the braking process 
• Control of the wheel torque
Advantages of regenerative braking
without having to add 
additional components 
to the system
Disadvantages of regenerative braking
• The system is not normally large enough to provide the braking 
torque demanded by the driver
• The angular speed of the motor, the batteries state of charge 
(SoC) and other factors must also be taken into account
The installation of a friction braking system is still necessary 
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A study must be made of the 
dynamics of both systems to see 
how it affects the safety of the 
vehicle
Real vehicle characteristics 
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Proposed brake distribution minimizing the 
delay of the electric regeneration system
When the regenerative brake starts to take effect, the friction brake 
adapts to maintain the torque target.
Simulations
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to evaluate the performance of the proposed braking strategy 
compared to the conventional one
Simulations
µ=0,4
𝑣0 = 80 𝑘𝑚/ℎ v1 = 10 𝑘𝑚/ℎ
Fuzzy logic ABS



























































Both wheels were controlled with the ABS
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The friction brake begins to act and then gives way to the regenerative brake.
Real test
No brake compensation Brake compensation
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3. Tests performed




We have studied the dynamics of a by-wire friction braking 
system and a regenerative braking system
Conclusion
Three different types of braking systems installed on the 
motorcycle used to carry out the tests
Step and sinusoidal control signals were 
introduced and the response of both systems has 
been compared








































Our hydraulic system is much faster than our 
regeneration system
Conclusion
We have proved that it is essential to take these dynamics into 
account when designing braking control systems, such as the 
ABS braking system. 
The main objective is to regenerate the maximum energy 
possible without affecting safety
A combination algorithm of both 
systems has been proposed 
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